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Abstract 
 
     A novel fractal design scheme has been introduced in this paper to generate microstrip bandpass filter designs with 
miniaturized  sizes  for  wireless  applications.  The  presented  fractal  scheme  is  based  on  Minkowski-like  prefractal 
geometry. The space-filling property and self-similarity of this fractal geometry has found to produce reduced size 
symmetrical structures corresponding to the  successive iteration levels. The resulting  filter designs are with  sizes 
suitable for use in modern wireless communication systems. The performance of each of the generated bandpass filter 
structures up to the 2
nd iteration has been analyzed using a method of moments (MoM) based software IE3D, which is 
widely adopted in microwave research and industry. Results show that these filters possess good transmission and 
return  loss  characteristics,  besides  the  miniaturized  sizes  meeting  the  design  specifications  of  most  of  wireless 
communication systems.  
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1. Introduction 
 
     Since the pioneer work of Mandelbrot [1], the 
fractal geometry has found extensive applications 
in almost all the fields of science. Among these 
fields  are  the  physical  and  engineering 
applications.  In  electromagnetics,  fractal 
geometry has been applied widely in the fields of 
antenna  and  passive  microwave  circuit  design, 
due  the  fantastic  results  gained  in  the 
miniaturization and performance as well.  
     Different  from  Euclidean  geometries,  fractal 
geometries  have two common properties, space-
filling and self-similarity. It has been shown that 
the self-similarity property  of fractal shapes  can 
be  successfully  applied  to  the  design  of  multi-
band  fractal  antennas,  such  as  the  Sierpinski 
gasket antenna, while the space-filling property of 
fractals  can  be  utilized  to  reduce  antenna  size. 
Fractal  curves  are  well  known  for  their  unique 
space-filling properties. Research results showed 
that, due to the increase of the overall length of 
the  microstrip  line  on  a  given  substrate  area  as 
well as to the specific line geometry, using fractal 
curves  reduces  resonant  frequency  of  microstrip 
resonators, and gives narrows resonant peaks.  
     Most of the research efforts has been devoted 
to the antenna applications. In passive microwave 
design, the research is still limited to few works 
and  is  slowly  growing.  Among  the  earliest 
predictions of the use of fractals in the design and 
fabrication of filters is that of Yordanov et.al, [2]. 
Their predictions are based on their investigation 
of Cantor fractal geometry. 
     However,  recent  development  in  wireless 
communication  systems  has  presented  new 
challenges  to  design  and  produce  high-quality 
miniaturized  components.  These  challenges 
stimulate  microwave  circuits  designers  and 
antennas  designers  to  seek  out  for  solutions  by 
investigating   different fractal geometries [3-7]. 
     Hilbert  fractal  curve  has  been  used  as  a 
defected  ground  structure  in  the  design  of  a 
microstrip lowpass filter operating at the L-band 
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     Sierpinski  fractal  geometry  has  been  used  in 
the implementation of a complementary split ring 
resonator  [4].  Split  ring  geometry  using  square 
Sierpinski  fractal  curves  has  been  proposed  to 
reduce  resonant  frequency  of  the  structure  and 
achieve  improved  frequency  selectivity  in  the 
resonator performance. 
     Koch  fractal  shape  is  applied  to  mm-wave 
microstrip band pass filters integrated on a high-
resistivity  Si  substrate.  Results  showed  that  the 
2nd  harmonic  of  fractal  shape  filters  can  be 
suppressed  as  the  fractal  factor  increases,  while 
maintaining the physical size of the resulting filter 
design [5]. 
     In this paper, a new fractal scheme, based on 
Minkowski-like  prefractal  geometry,  is  presented 
to  produce  successive  design  geometries  for  the 
dual-mode microstrip bandpass filter based on the 
conventional dual-mode square ring resonator as a 
starting step. The resulting filters are supposed to 
have  miniaturized  sizes  with  adequate  reflection 
and transmission responses. 
 
 
2. The Proposed Fractal Scheme 
 
      The starting pattern for the proposed bandpass 
filter  as a  fractal  is  the  square  ring  with  a  side 
length Lo, Fig1b. From this starting pattern, each 
of its four sides is replaced by what is called the 
generator  structure  shown  in  Fig1a.  To 
demonstrate  the  fractal  generation  process,  the 
first two iterations are shown. The first iteration of 
replacing a segment with the generator is shown 
in Fig. 1c. The starting pattern is Euclidean and, 
therefore,  the  process  of  replacing  the  segment 
with  the  generator  constitutes  the  first  iteration. 
The  generator  is  scaled  after,  such  that  the 
endpoints of the generator are exactly the same as 
the starting line segment. In the generation of the 
true  fractal,  the  process  of  replacing  every 
segment with the generator has been carried out 
an  infinite  number  of  times.  The  generator  is 
composed of five segments .The middle segment, 
w1,  is  chosen such that it is  with shorter length 
than the two end segments. The other two vertical 
segments are tuned to adjust the overall perimeter 
of the fractal length. This tuning length is called 
the indentation width, w2 [8].  The resulting pre-
fractal  structure  has  the  characteristic  that  the 
perimeter increases to infinity while maintaining 
the  volume  occupied.  This  increase  in  length 
decreases  the  required  volume  occupied  for  the 
pre-fractal  bandpass  filter  at  resonance.  It  has 
been found that: 
            …(1) 
where Pn is the perimeter of the nth iteration pre-
fractal and a2 is the ratio w2/Lo. Theoretically as n 
goes to infinity the perimeter goes to infinity. The 
ability  of  the  resulting  structure  to  increase  its 
perimeter  at  every  iteration  was  found  very 
triggering  for  examining  its  size  reduction 
capability as a microstrip bandpass filter. 
       The basic idea to propose a fractal technique 
to  generate  a  miniaturized  microstrip  bandpass 
filter  structures  has  been  borrowed  from  the 
successful application of such a technique in the 
microstrip  antenna  design,  where  compact  size 
and multi-band behavior have been produced due 
to the space-filling and self-similarity properties 
of the resulting microstrip fractal antenna design 
[9,10]. It has been concluded in antenna design, 
that the number of generating iterations required 
to make use of the benefits of miniaturization is 
only  few  before  the  additional  complexities 
become  indistinguishable  [8.9].  This  is  right  in 
this field, since the antenna aperture when much 
reduced  leads  to  less  gain  though  the  radiation 
performance  is  still  attractive.  However,  this 
cannot  be  as  serious  in  the  filter  design  unless 
practical  limitations  obscure  its  implementation 
due to fabrication tolerances.  
       Practically,  shape  modification  of  the 
resulting structures in Figs. (1c and 1d) is a way to 
increase the surface current path length compared 
with  that  of  the  conventional  square  ring 
resonator, Fig. 1b; resulting in a reduced resonant 
frequency  or  a  reduced  resonator  size,  if  the 
design  frequency  is  to  maintained.  The  space 
filling geometry and the self similarity that the 1
st 
iteration  structure  in  Fig.  1c  possesses,  make  it 
analogous  to  the  modified  square  microstrip 
antenna  reported  in  the  literature  [11,12].  It  is 
expected then, that the 2
nd iteration, shown in Fig. 
1d  will  exhibit  further  miniaturization  ability 
owing  to  its  extra  space  filling  property. 
Theoretically the size reduction process goes on 
further as the iteration steps increase. 
       An  additional  property  that  the  presented 
scheme possesses  is the symmetry  of the  whole 
structure in each of the iteration levels about its 
diagonal. This property is of special importance in 
the design of dual-mode loop resonators [13,14]. 
      The length Lo  of the conventional microstrip 
dual-mode  square  ring  resonator  has  been 
determined  using  the  classical  design  equations 
reported in the literatures [13-15] for a specified 
value  of  the  operating  frequency  and  given 
substrate  properties.  This  length  represents  a 
slightly less than quarter the guided wavelength at 
its  fundamental  resonant  frequency  in  the 
resonator. Jawad K. Ali                                                             Al-Khwarizmi Engineering Journal, Vol. 4, No. 3, PP 34-42 (2008) 
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      As  shown  in  Fig.  1,  applying  geometric 
transformation  of  the  generating  structure  (Fig. 
1a) on the square ring resonator (Fig. 1b), results 
in filter structure depicted in (Fig. 1c). Similarly 
successive  bandpass  filter  shapes,  corresponding 
to  the  following  iterations  can  be  produced  as 
successive transformations have been applied. At 
the  n
th  iteration,  the  corresponding  filter  side 
length, Ln has been found to be:  
                                                …(2) 
while the enclosing area, An, has been found to be: 
                                              …(3)                                                                                               
where  Ao  is  the  area  occupied  by  the   
conventional square ring resonator. 
    The  dimension  of  a  fractal  provides  a 
description  of  how  much  it  efficiently  fills  a 
space. It is a measure of the prominence  of the 
irregularities  when  viewed  at  very  small  scales 
[16, 17]. A dimension contains much information 
about  the  geometrical  properties  of  a  fractal. 
According  to  Falconer  [16],  since  the  generator 
used  to  develop  the  proposed  fractal  structure 
involves similarity transformations  of  more than 
one  ratio;  a1  and  a2,  the  dimension  of  the  2
nd 
iteration  structure  can  be  obtained  from  the 
solution of the following equation:  
                …(4) 
where D, represents the dimension, a1 is the ratio 
w1/Lo,  and  a2  is  as  defined  earlier.  Then  the 
dimension of the proposed structure, according to 
Equ (4) is equal to 1.586.This value of dimension 
has been obtained for values of a1 = 0.05 and a2 = 
0.35. It is worth to mention here, the dimension of 
traditional Minkowski island fractal, according to 
Equ. (4), is equal to 1.465, where in such a case, 
a1 and a2 are both equal to one-third. 
 
 
3. Filter Designs 
         
     Three  microstrip  dual-mode  bandpass  filter 
structures corresponding to the zero, 1
st, and the 
2
nd  iterations  have  been  designed  for  the  ISM 
band applications at the design frequency of 2.4 
GHz.  It  has  been  supposed  that  these  filter 
structures have been etched using a substrate with 
a dielectric constant of 10.8 and thickness of 1.27 
mm.  At  first, the side  length  of the square ring 
resonator, Lo, has to be calculated as [13-15]: 
                                                  …(5) 
where λgo is the guided wavelength .Then the side 
length,  Ln,  for  the  successive  iterations  can  be 
calculated,  based  on  the  value  of  Ln,  using        
Eqn (2). 
      Note  that  a  small  perturbation  has  been 
applied to each dual-mode resonator at a location 
that  is  assumed  at  a  45°  offset  from  its  two 
orthogonal modes. This perturbation is in the form 
of a small patch is added to the square ring, and 
the other subsequent iterations loop resonators. It 
should  be  mentioned  that  for  coupling  of  the 
orthogonal  modes,  the  perturbations  could  also 
take  forms  other  than  this  shape.  But  since  the 
resulting  resonators  are  characterized  by  their 
diagonal symmetry, this shape of perturbation is 
the  most  convenient  to  satisfy  the  required 
coupling.  The  effect  of  the  perturbation  size  on 
the  dual-mode  ring  resonator  filter  performance 
curves is beyond the scope of this paper; since the 
main  aim  is  to  present  a  new  technique  for 
generating  miniaturized  bandpass  filter  design 
based  on  a  fractal  iteration  process.  The 
dimensions of the perturbations of each filter must 
be tuned for the required filter performance, since 
the  nature  and  the  strength  of  the  coupling 
between  the  two  degenerate  modes  of  the  dual-
mode  resonator  are  mainly  determined  by  the 
perturbation’s size and shape. However, extensive 
details about this subject can be found in [18,19].    
       Slight tuning of the initially calculated value 
of  Lo  is  necessary  to  be  adjusted  to  the  design 
frequency.    Figs  (2-3)  show  the  layouts  of  the 
resulting dual-band bandpass filters and Table 1 
summarizes  their  side  lengths  and  the  satisfied 
size reduction percentages as compared with the 
conventional square ring resonator. It is expected 
that  the  3
rd  and  the  4
th  iterations  bandpass  filter 
structures  may  satisfy  further  size  reductions  of 
about  72%  and  78%  respectively,  if  the 
fabrication tolerances permits to be implemented. 
 
Table 1 
Summary  of  the  Dimensions,  and  the  Size 
Reduction Satisfied of the Generated  Filters. 
              Filter Type 
Parameters 
Squ. 
Ring  1
st Iter.  2
nd 
Iter. 
Side 
Length, 
mm 
Calc.  13.50  10.45  8.10 
Sim.  13.07  10.24  8.00 
Occupied 
Area, mm
2 
Calc.  182.25  109.2  65.61 
Sim.  170.95  104.85  64.00 
Size 
Reduction 
Calc.  ----  40.1%  64.0% 
Sim.  ----  38.7%  62.6% 
         
       It  is  worth  to  mention  that,  the  microstrip 
bandpass filter based on the 1
st iteration depicted 
in  Fig  (3),  has  a  similar  structure  with  that 
reported  in  [20].  In  [20],  the  presented  filter Jawad K. Ali                                                             Al-Khwarizmi Engineering Journal, Vol. 4, No. 3, PP 34-42 (2008) 
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structure represents a technique to produce a size 
reduction  of  the  conventional  dual-mode  square 
ring by  modifying  its shape. This technique  has 
stopped at a single step and does not goes further; 
hence  it  can  be  regarded  as  just  a  single 
intermediate  step  in  the  more  general  technique 
presented in this paper.  
      The microstrip bandpass filter based on the 2
nd 
iteration depicted in Fig (4) is similar in structure 
with that presented by [21]. Again, the presented 
filter  structure  can  be  considered  as  a  single 
intermediate  step  in  the  fractal  based  technique 
presented in this paper, since it has neither based 
on  predefined  step  nor  it  has  any  further 
extension. 
 
 
4. Performance Evaluation 
 
     Filter structures, depicted in Figs.2 to 4, have 
been  modeled  and  analyzed  at  an  operating 
frequency, in the ISM band, of 2.4 GHz using the 
IE3D  electromagnetic  simulator  from  Zeland 
Software  Inc.  This  simulator  performs 
electromagnetic  analysis  using  the  method  of 
moments  (MoM).  The  corresponding  simulation 
results of return loss and transmission responses 
of  these  filters  are  shown  in  Figs.5  to7 
respectively.  
     Figs.  6  and  7,  imply  that  the  resulting  pre-
fractal  bandpass  filters  offer  adequate 
performance curves as those for the conventional 
dual-mode square ring resonator, Fig.5. As can be 
seen,  all  of  the  filter  responses  show  two 
transmission zeros symmetrically located around 
the  deign  frequency.  However,  these  responses 
and their consequent poles and zeros could be, to 
a certain extent, controlled through the variation 
of  the  perturbation  dimensions  and/or  the 
input/output coupling techniques used.  Figs8 to 
10  shows  the  current  density  patterns  using  the 
EM  simulator  for  2
nd  iteration  dual-mode 
microstrip bandpass filter at the design frequency 
and other two frequencies around it. It clear from 
these figures that only at the design frequency the 
two degenerate modes are excited and coupled to 
each  other  leading  to  the  required  filter 
performance, while at the other two frequencies, 
no degenerate mode are excited as expected  at all. 
In these figures, the same color code is used as an 
indication for the current densities.  
     The previous filter designs can easily be scaled 
to  other  frequencies  required  for  other  wireless 
communication systems. In this case, the resulting 
new  filter  will  be  of  lager  or  smaller  in  size 
according  to  the  frequency  requirements  of  the 
specified applications. 
 
 
5. Conclusions  
 
      In  this  paper,  a  novel  fractal  design  scheme 
has  been  presented  as  a  new  technique  for 
microstrip bandpass filter design based  on  dual-
mode  square  ring  resonator.  Due  to  the  space-
filling property the presented fractal possess, the 
resulting  filter  designs  have  proven  to  be  more 
compact in size as the iteration process goes on. 
This  makes them appropriate for use  in  modern 
mobile  communication  systems,  where  the 
miniaturized size becomes a critical requirement. 
      Up  to  the  2
nd  iteration,  microstrip  bandpass 
filters  have  been  designed  according  to  the 
presented  technique  and  analyzed  using  the 
method of moments (MoM) at the ISM frequency 
band.  Simulation  results  show  that  these  filters 
possess  reasonable  return  loss  and  transmission 
performance responses.   
      Microstrip  bandpass  filters  designs  based  on 
the  1
st  and  2
nd  iterations  have  shown  size 
reductions  of  about  40%  and  64%  as  compared 
with  the  conventional  microstrip  square  ring 
bandpass  filter  designed  at  the  same  frequency 
and  using  the  same  substrate  material.  As  the 
practical fabrication tolerances  may permit, it  is 
expected  that  the  3
rd  iteration  and  4
th  iteration 
filter structures will offer further size reductions 
of about 72% and 78% respectively, as predicted 
by the presented fractal scheme.  
      The proposed technique can be generalized as 
a  flexible  design  tool  for  compact  microstrip 
bandpass  filters  for  a  wide  variety  of  wireless 
communication systems.   
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Fig. 1. The Generation Process of the Minkowski-like 
Prefractal  Structure.  (a)  The  Generator.  (b)  The 
Square Ring Resonator. (c) The 1
st Iteration, and (d) 
The 2
nd Iteration. 
 
 
 
 
 
 
Fig. 2. The Layout of the Dual-Mode Square Ring 
Resonator, (The Intiation). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  3.  The  layout  of  the  Dual-Mode  Microstrip 
bandpass Fiber Base on the 1
st Iteration. 
 
 
 
 
 
 
 
 
Fig.  4.  The  Layout  of  the  Dual-Mode  Microstrip 
Bandpass Filter Base on the 2
nd Iteration. 
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Fig.  5.  The  Return  Loss  and  Transmission 
Responses of the Dual-Band Microstrip Square 
Ring Resonator.  
 
 
 
 
 
Fig. 6. The Return Loss and Transmission Response 
of the Dual-Band Microstrip 1
st Iteration Bandpass 
Filter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. The Return Loss and Transmision Response 
of the Dual-Band Microstrip 2
nd Iteration Bandpass 
Filter. 
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Fig. 8. Current Density Distribution at the Surface of the 2
nd Iteration Microstrip  
Bandpass Filter Simulated at 2.4 GHz Resonance Frequency. 
 
 
 
 
Fig. 9. Current Density Distribution at the Surface 
of  the  2
nd  itEration  Microstrip  Bandpass  Filter 
Simulated at a Frequency of 2.3 GHz. 
 
 
 
 
 
Fig. 10. Current Density Distribution at the Surface 
of  the  2
nd  Iteration  Microstrip  Bandpass  Filter 
Simulated at a Frequency of 2.5 GHz. 
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  ًئزجلا ًسذىهلا بٍترتلا هم ذلوتم ةقٍقد ةحٌرش ير ًقاطو رارما حشرم مٍمصت
 ةٍكلسلالا تلااصتلاا تاموظىمل طمىلا ًئاىث عبرملا ًقلحلا ناورملا ساسا ىلع ًىبملا
 
 ًلع مظاك داوج
كٍَٔشتكنلاأ ءاتشٓكنا حسذُْ ىسق  / حٍجٕنُٕكتنا حعياجنا  
 
 
 
 ةصلاخلا
 
       ًئضجنا ًسذُٓنا ةٍتشتنا طاسا ىهع حٍُثي جشكتثي حًًٍٍصت حٍُقت ثحثنا ازْ ًف وذقٌ fractal geometry  جشغصي ىٍياصت حسهس ذٍنٕتن 
ًقاطُنا ساشيلاا حششًن طاٍقنا (BPF)  حناقُنا خلااصتلاا خاقٍثطتن حثساُي ٌٕكت حقٍقذنا ححٌششنا ير   .  حٍُثي ححشتقًنا حًًٍٍصتنا حٍُقتنا ٌا
 ًئضجنا مثق اي ًسذُٓنا ًكسٌٕكٍُي ةٍتشتن ّتاشي طاسا ىهع Minkowski-like prefractal geometry  .  ءاضفنا ءلايا ًتٍصاخ ٌا
 ذٍنٕتنا خإٌتسي ًف اٍسذُْ جشظاُتئ ىجحنا جشٍغص ةٍكاشت ىهع لٕصحنا ىنا ٌاٌدؤت ًسذُٓنا ةٍتشتنا ازْ آًكهتًٌ ٍٍتهنا ًتازنا مثاًتنأ
ذٍنٕتنا خإٌتسي داٌدصات اشغص ةٍكاشتنا ِزْ دادضتٔ ،حفهتخًنا  .  ةٍكاشتنا ِزْ طاسا ىهع حٍُثًنا ًقاطُنا ساشيلاا خاحششي ىٍياصت ٌا
حثٌذحنا خلااصتلاا حًظَا ًف واذختسلان حثساُي آهعجت داعتأتٔ جشغصي ٌٕكت حٍسذُٓنا    .
حٍجيشثنا حثٍقحنا واذخسات ًَاثنأ لٔلاا ٌٍٕتسًنا ٍع حجتاُنا خاحششًنا ءادا باسح ىت      IE3D   حقٌشط قفٔ ىهع جاكاحًنا يشجت ًتنا 
 ؤضعنا داجٌا (MoM) دٔذحت اًْسذق شٍغصت اتثسَ آًن ٍٍجتاُنا ٍٍحششًنا ٌا جئاتُنا خشٓظا ذقٔ ، 40%   ٔ  64%  حششًنا داعتأت حَساقي 
 عتشًنا ًقهحنا ٌاَشًنا طاسا ىهع ًُثًنا يذٍهقتنا square ring resonator ٍٍتناحنا اتهك ًف آسفَ حًًٍٍصتنا فٔشظنا ٌٕكت ٌا حطٌشش ،  .
 خاحششًنا ًًًصًن شفٕت آَا ثٍح حٍناع حَٔشي خار ححشتقًنا حًًٍٍصتنا حٍُقتنا ٌاف ، كنر ىهع جٔلاعٔ (  حقٍقذنا خاجًٕنا شئأد ٍي اْشٍغٔ
حناعفنا شٍغ )   ّسفَ حششًهن حٍسذُٓنا خاٍتدلاا ًف جسٕشًُنا ىٍياصتنا ّيذقت اًت حَساقي ،حًًٍٍصتنا ىناعًنا ساٍتخا ًف شثكا حٌشح  .
    
 